Summary: Standardized photographs (lateral and basal view) of fetal mandibles (n = 80) were taken. Outline segments (from gnathion to condylion, on the coronoid process and from infradentale to gnathion in lateral view; and on the inferior margin in basal view) were analyzed into sine curves, according to Fourier series. Using the calculated Fourier coefficients, we statistically examined how mandibular shape changed with fetal growth. Materials were classified into four groups on
(from gnathion to condylion, on the coronoid process and from infradentale to gnathion in lateral view; and on the inferior margin in basal view) were analyzed into sine curves, according to Fourier series. Using the calculated Fourier coefficients, we statistically examined how mandibular shape changed with fetal growth. Materials were classified into four groups on On the outline from gnathion to condylion, the constant and the first term phase showed statistically greater values in BL4 than in the other groups, as assessed by t-test. The first term phase for the coronoid process signficantly decreased with increments in stature in the canonical disciminant analysis. On the outline from infradentale to gnathion, although the cumulative contributions of the first two terms were constant (about 85%) in all four groups, the relative contributions with growing stature decreased in the first term and increased in the second term. The mean of the phase in the first term indicated slightly more than -90 degrees in BL1, and was less than -90 degrees in BL2 to BL4. The averages of the second term phases presented little change from BL1 to BL3, and were close to -100 degrees. From the canonical discriminant analysis, the constant was great and the first term amplitude was small in BL1 and BL4, and the constant was small and the first term amplitude was great in BL2 and BL3. Also, the second term amplitude in BL4 indicated a significantly bigger volume than in BL3. The constant for the inferior margin manifested statistically significant increments in BL2 to BL4, as assessed by t-test.
We interpret the results as follows: 1. On the outline from gnathion to condylion, anteroinferior shift occurs in BL4, resulting in an acute gonial angle. The change of angle during the prenatal period precedes the postnatal findings that bring about a progressive decrease in the gonial angle. 2. The tip of the coronoid process indicates a forward shift with increasing fetal body stature. The cause of this anterior movement probably derives from forward traction of the temporal muscles. 3. The shape from alveolus to mentum changes from a flat waveform in BL1, to two bumps in BL2 to BL3 with the lower bump on the alveolar side and the taller bump on the mental side, and ends up in an anterior prominence and sharpness of those two bumps in BL4. One may infer that the mental protuberance begins to form in the fetal mandible, though it is only slightly. 4 . The outline on the inferior margin protrudes forward in BL4.
It is generally known that modern Homo sapiens acquires acute gonial angle or prominence of chin from birth to adulthood (Enlow, 1990; Jensen and Palling, 1954; Sperber, 1989) . But, it is not fully known how the mandibular shape changes during the prenatal periods. In addition, a few reseachers have quantitatively investigated morphological changes of the mandible during fetal periods (Ando, 1958 ; Burdi and Spyropoulos, 1978; Honda, 1986; Mandarim-de-Lacerda, 1992) .
Multivariate and univariate analyses of the linear and angular measurements have been used for mandibular morphometry with fetal growth by standardized soft radiographs in our last study (Uchida et al., 1993) . The results indicated that shape changes occur in the border between mandibular corpus and ramus. Results also showed that acute gonial angle, increase of mental protuberance, and the narrow basal arch of the mandible are all produced with fetal growth. However, a conventional metrical approach in the linear or angular measurements reduces a curvilinear biologic form to a geometric collection of straight lines. Information regarding shape and shape changes during growth may only be poorly described or misunderstood. Mandibular outlines, however , are best represented by a series of curves.
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The purpose of this study is to quantitatively examine curvilinear morphological changes of the mandible during the fetal periods. Outlines of the mandibles were then analyzed on the basis of standardized photographs of the dried fetal mandibles.
Materials and Methods
Materials
Eighty of the 162 Japanese fetuses that were used in the last study (Uchida et al., 1993) were examined. The specimens had been stored in 10% neutral formalin (collection of the Department of Anatomy, Saga Medical School). They were free from gross abnormalities. Their prenatal ages were inexact or unknown. The body length (BL) was determined from the unbent crown-heel length while the measured axis was perpendicular to the Frankfort plane (Akiyoshi, 1976; Makimoto, 1984) . The BL of the samples ranged from 100 mm to 500 mm. On the basis of the BL, materials were divided into four groups (Table 1) : 100 BL <200 mm (BL1; n = ); 200 s BL <300 mm (BL2; n = 20); 300 BL <400 mm (BL3; n = 20); and 400 BL s500mm (BL4; n = 20). This classification was the same as in the previous study (Uchida et al., 1993) . The current materials were selected at random from each group of the samples in our last study. The sex was not considered in the selection of the specimens as Ando (1958) and Houpt (1970) observed no statistically significant differences between the sexes in mandibular measurements.
The head was removed from the body and the mandibular symphysis was exposed. The impression of the exposed part was taken by plaster cast, which was later used to reconstruct separate symphyses. The lower jaw was detached from the temporomandibular joints. Soft tissues over the mandible were thoroughly scraped off. Separate bones were washed with water and then dried. Two mandibles were reconstructed by the above plaster cast. The mesial portions were stuck to wax. A mandible was then naturally stood and fixed on an acrylic plate with wax.
Standardized mandibular photographic technique
All subjects were photographed with a standard- Table 1 . Classification of specimens (N = 80) ized technique (Burdi, 1964; Takayama, 1980; Trenouth, 1981; Trenouth, 1984; Trenouth, 1985) for lateral view (right side), anterior part of lateral view (right side) and basal view (Figs. 1, 2 and 3). The fetal mandible was placed on a flat table. It was placed at 2.5 m from the camera when photographs of the lateral and basal view were taken; it was at the distance of 0.37 m from the camera when the anterior part of lateral view was photographed. As a control for image enlargement, a millimeter rule was placed parallel to the mandible when standardized mandibular photographs were taken.
3. Definition of landmarks Anatomical landmarks were directly inscribed on fetal mandible, using a skin pen (Nesco Dermark® for Micro, Nippon Shoji Kaisha, Ltd.) (Figs. 4, 5 and 6). Basal line on the inferior margin of the mandible was marked by pencil (0.5 mm in diameter of type B lead (Fig. 6 ). The following points (Araki, 1967; Burdi and Spyropoulos, 1978; Honda, 1986; Martin and Sailer, 1957) were identified on the bone. Condylion (Co)
: most posterior and uppermost point of the condyle. Gnathion (Gn) : the most anterior point of the lower borders of the mandible in contact with the acrylic plate. Infradentale (Id) : the most anterior point of the mandibular alveolus. In addition, reference points A and B were originally constructed and defined for the purpose of this study (Fig. 7) .
A : intersection of the line drawn perpendicular to the tangent of Co and Cr (tip of the coronoid process) and the deepest point of mandibular notch on the lateral film. B : intersection of the line drawn paralle to mandibular plane through point A and the anterior ramus border on the lateral film.
Analysis of mandibular outlines
The mandibular outlines were analyzed, as shown in the flow chart (Fig. 8) . At the beginning, the photographs of lateral view, anterior part of lateral view and basal view were magnified with an optical comparator. After each enlarged outline of the mandible and scale was carefully traced on an acetate sheet, the landmarks were located (Figs. 4, 5, 6 and 7). Next, four characteristic curves relating to the region or including the region that showed significant changes in our last study (Uchida et al. 1993) were processed by Fourier analysis. The following curves were subjected to analysis: the outline from Gn to Co, the coronoid process from A to B, the outline from Id to Gn, and the inferiord margin from right condylion (RCo) to left condylion (LCo) (Fig. 9 ). These curves were taken into a digitizer by the equidistance mode whenever the set of crosshairs was advanced along the mandibular outlines. The data were entered into a personal computer. The starting points Gn, A, Id and RCo of the landmarks were generated on the origin (0,0) of the orthogonal coordinate system. The linear segments Gn-Co, A-B, Id-Gn and RCo-LCo that were superimposed on the X axis of orthogonal coordinate system were treated as baselines. Then, the data of mandibular outlines that were magnified with the optical comparator and photography were corrected by transforms of the coordinates. The actual data were regarded as information that involved size differences (original data). In addition, since most specimens of the fetal mandible were different in size, the X and Y coordinates of each mandibular outline were standardized by the distance of each baseline (scaled data for size differences) (Fig. 10 ). These coordinates (both original data and scaled data for size differences) were interpolated by spline function in such a way that a line that was connected with the points would form a smooth curve. Each baseline (X axis side) of the outline from Gn to Co, the outline from Id to Gn and the inferior margin was bisected repeatedly to produce 256 equal divisions (Fig. 11) . The perpendicular distances, from the X coordinates on equally divided baselines to each smooth curve interpolated by spline function, were regarded as Y coordinates. The X and Y coordinates so determined were submitted to a special program that computed Fourier coefficients for each specimen. On the basis of both the original data and the scaled data for size differences, Fourier coefficients (amplitudes, phases, and constants) and relative contributions were individually calculated in a similar way.
The above method did not guarantee a one-toone correspondence between the X and Y coordinates because the mandibular outline from A to B presented some abrupt changes in curvature. The polar coordinate system was then employed for the coronoid process (Fig. 12 ). The origin of the polar coordinate located on the midpoint of baseline A-B was first calculated so that the outline on the coronoid process was defined over the interval from 0 to 360 degrees. The outline was radially divided into segments of 256 pieces of equal angular intervals. The coordinates of the end points of these segments were used for computation of Fourier coefficients. On both the original data and the scaled data for size differences, Fourier coefficients (amplitudes, phases, and constants) and relative contributions were individually calculated in a similar way.
The variables obtained from scaling data on the four curves and each stature data were outputted on to a floppy disc. These data were entered into a minicomputer housed at the Information Processing Center, University of Saga. The input data were used for statistical processing. The software of various statistical analyses was SAS Ver.5.18 (SAS Institute, 1985a, b).
Reliability of measurements
To analyze the reliability of the measurements, four subjects were sampled at random from each stature group. Fourier coefficients (obtained from scaling data) for four outlines of the selected specimens were determined by the same method. These managements were again performed after a oneweek interval. The measurement error was assessed by differences between the same variables. The values showed less than 0.7 in the constants and amplitudes, 0.6 degrees or less in the phases (Table 2 ).
Display of the mean outlines on four regions
To ascertain the interpretations of Fourier coef- Y coordinates were made up on the basis of scaling X coordinates (distance on the baseline) in the mandibular outline. ficients, the mean outlines were depicted by averaged Fourier coefficients (obtained from both original data and scaled data for size differences) (Figs. 11 and 12). The averaged mandibular outlines were generated by Fourier inverse transforms, using the means of the amplitudes and phases of the first two Table 2 . Measurement error (data scaled for size differences)
Intra-observer errors: (E d2/2n)1/2 terms and the constant for each BL group. The mean curves were displayed by a plotter.
Statistical analysis
The amplitudes and phases of higher relative contributions and the constant obtained from scaling data for each outline were subjected to statistical analyses (Fig. 13) . Because the variables might include the same information, they were classified on the basis of a cluster analysis. To determine what each cluster meant, principal component analysis was also performed. From the two analyses, more appropriate variables were extracted. Based on the variables thus selected, a canonical discriminant analysis was done to clarify the differences of the mandibular shape between the stature groups. A one-way analysis of variance (ANOVA) and t-test were additionally conducted.
Results

Fourier analysis
The descriptive statistics (means and standard deviations) of variables (scaled for size difference) and contribution of each term for the four outlines of each BL group are shown in Tables 3-1 Relative contribution indicates the degree of fitness for an actual mandibular contour. The first term relative contributions of the outline from Gn to Co and the inferior margin were more than 90% in all BL groups. Since there is steep warp near the tip on the coronoid process that is not reducible to a gentle curve, in contrast to the outline from Gn to Co or inferior margin, the relative contribution of the first term showed only about 60% in all BL groups. However, the first term indicated the highest contribution of the coronoid process. The increasing amplitude of the first term for the coronoid process was interpreted as sharpness of the coronoid process. The decreasing phase of the first term for the coronoid process implied that the tip of the coronoid process moved from side A to side B. On the outline from id to Gn, the cumulative contributions of the first two terms were about 85% in all stature groups. Accordingly, the nature of each outline was sufficiently expressed by the following variables alone: the amplitudes and the phases of the first term for the outline from Gn to Co, the coronoid process and the inferior margin; the amplitudes and the phases of the first two terms for the outline from Id to Gn; and constant for each outline segment. A total of fourteen variables were used for statistical analyses. In the case of the original data that involved size differences, the mean outline from Gn to Co shifted inferiorly (Fig. 14) . The coronoid process moved superiorly (Fig. 15) . The mean outline from Id to Gn and on the inferior margin generated forward protrusion (Figs. 16 and 17) .
In the case of the scaled data for size differences, the mean outline from Gn to Co shifted anteroinferiorly (Fig. 18) . The tip of the coronoid process moved anteriorly (Fig. 19) . The outline from Id to Gn changed from a single waveform to a double waveform (Fig. 20) . The inferior margin generated forward protrusion (Fig. 21 ).
Cluster analysis and principal component analysis
A dendrogram was obtained from the cluster analysis of the variables (Fig. 22) . When similarity was more than the point of 95, both the constant and the first term amplitude for the coronoid process, and both the constant and the first term amplitude for the inferior margin formed a cluster of high similarity.
On the basis of the eigenvalues greater than one rule, six components were extractedfrom the principal component analysis (Table 4) . After a varimax rotation for the factor loading was performed to find out about the significance of each component, the matrix as shown in Table 5 was obtained. Because the variables that represented the absolute values of the factor loadings over 0.5 strongly participated in the components, the meaning of each component consisted of the interpretations shown in Table 4 . Next, the two analyzed results were combined (Fig.  23) . The abbreviations from PC1 to PC6 given on the left end of the dendrogram corresponded to the components. When similarity was more than the point of 82.5, the variables were divided into nine clusters, which in turn corresponded from the first component to the sixth component. The representative variables that were preselected out of these highly similar variables were used for the canonical discriminant analysis. As the constant indicated a greater factor Fig. 19 . The mean outlines on the coronoid process for BL1, BL2, BL3 and BL4 (sealed data for size differences).
loading than the first term amplitude for the inferior margin in the fourth component, the constant was also selected. In all, 12 variables were used for the canonical discriminant analysis.
3. Canonical discriminant analysis and univariate analysis Three discriminant functions were obtained from the canonical discriminant analysis. The eigenvalues, contributions and canonical correlation coefficients are shown in Table 6 . The eigenvalues of the second and third discriminant functions were below one, but the second discriminant function accounted for 26% of the contribution with the eigenvalue of 0.785. The eigenvalue of the second discriminant function was over six times as large as that of the third discriminant function, and the canonical correlation coefficient of the second discriminant function was 0.663. Thus, the first two discriminant functions were used for the canonical discriminant analysis.
The variables that were more efficient in separating between the four BL groups were selected by a stepwise, with F-to-enter and F-to-remove values of 2.0. As a result, seven variables stayed ( Table 7) .
The class means on the scores calculated from the first discriminant function are expressed as Fig. 24 .
Tall groups are located near the positive side ant short groups are close to the negative side. The absolute value of the first standardized canonical coefficient that was provided by the first term phase for the coronoid process was above 1.3, as compared with other selected variables ( Table 8 ). The coefficient exhibited a negative sign. The class means on the scores calculated from the second discriminant function are illustrated in Fig.  25 . BL1 and BL4 groups were close to the positive side, but BL2 and BL3 were located near the negative side. The absolute values of the second standardized canonical coefficients that were given by the constant' and the first term amplitude for the outline from Id to Gn were above 1.0, as compared with other selected variables ( Table 9) . Two coefficients then exhibited the inverse signs.
A summary of one-way ANOVA results is presented as Table 10 , where' each BL group is used as an independent variable and Fourier coefficients as dependent variables. The constant and the first term phase for the outline from Gn to Co, the first term phase for the coronoid process, the constant and the second term amplitude for the outline from Id to and BL4 (scaled data for size differences).
Gn, and the constant for the inferior margin showed statistically significant differences (P < 0.05). The variables that represented statistically significant differences in a one-way ANOVA were used for t-test between a given pair of the four BL groups (Table 11 ). The constant and the first term phase for the outline from Gn to Co in BL4 were significantly greater than in the other groups (P < 0.05). The first term phase for the coronoid process significantly decreased with increasing BL (except BL3-BL4) (P < 0.05). The constant for the outline from Id to Gn indicated significantly smaller values in tall groups in a comparison between BL1 and BL2 or between BL1 and BL3 (P < 0.05). The constant of BL4 for the outline from Id to Gn was significantly larger than that of BL2 (P < 0.05).The second term amplitude for the outline from Id to Gn was significantly greater in BL1 than in BL3, and in BL4 than in BL2 or BL3 (P < 0.05). The constant for the inferior margin was significantly larger in tall groups than in short groups between a given pair of the four groups, except BL1 and BL2 or BL1 and BL3 (P < 0.01).
Discussion
There was a large increase in size because the estimated material was the mandible during prenatal periods (Uchida et al. , 1993) . The analyzed outlines of mandible were open curves and we demonstrated a strong correlation between distance of the baseline and BL, which in turn indicates that distance of the baseline may be treated a size factor (Table 12 ). The original data of the mandibular outlines were then standardized on the basis of the baselines (Gn-Co, A-B, Id-Gn and RCo-LCo). Soma and Hatate (1980) have reported the same method. The scaling data were used for calculation of standardized Fourier coefficients.
Fourier equations were used in curvilinear morphological analysis of maxillofacial area almost thirty years ago (Lu, 1965) . This analysis has since been applied in many morphometries (Katsuki, 1978; Katsuki, 1981; Goto and Katsuki, 1990; Kapur, et al., 1990; Halazonetis, 1991; Lestrel and Kerr, 1991) .
Fourier coefficients in this study include the following properties: an increasing constant indicative of the protrusion of the bounded outline; an increasing amplitude showing the sharp waveform; and the phase defining the shift of the wavelink peak. Each outline was especially translated into a simple sine curve, that is, the phase was calculated by odd function. Consequently, if the peak of a waveform is moved toward the side of Co, B, Gn or LCo, the phase decreases. When the peak of a waveform approaches the side of Co, B and Gn or LCo, the phase is close to -180 degrees.
The measurement error of all variables indicated 10% or below of the standard deviations (Tables 3-1,  3-2, 3-3 and 3-4) . Thus, the method is deemed sufficiently reliable for the present study.
Shape changes of mandibular outlines
Outline from gnathion to condylion
The constant and the first term phase in BL4 indicated significantly greater values than the other groups from the results of the t-test. The first term amplitude showed no significant changes in multivariate or univariate analysis. These findings suggest that a wavelike outline from Gn to Co does not (scaled data for size differences). markedly taper, but that outline in BL4 shifts anteroinferiorly . These changes were proved by displaying mean curves (Fig. 18 ). These findings also support the premise that the mandible grows in an upward and backward direction of the mandibular fossa, moving the entire mandible in the opposite downward and forward direction against the cranial base (Moss, 1969; Enlow, 1990; Berraquero, R. , 1992; Sperber, 1992), Meanwhile, the mean value of the first term phase increased by about 10 degrees in BL3 to BL4, so that the top of the outline from Gn to Co approached the peak of the semicircle the baseline (Gn-Co) of which was regarded as its diameter. Geometrically, when the top on the outline from Gn to Co is closer to the peak of the semicircle, the angle formed by connecting Gn, the top on the outline from Gn to Co and Co is acuter. In addition, because the increasing constant is in the direction of inferior protrusion of the outline from Gn to Co, we assume that gonial angle significantly decreases in BL4. This findings is in line with the previous results (Uchida et al., 1993) .
It is a well-known fact that gonial angle documents a progressive decrease from birth to adulthood (Jensen and Palling, 1954) . But, differing views have existed with respect to the prenatal findings. Some investigators have reported that no significant differences are found between prenatal ages (Ando, 1958; Lavelle and Moore, 1970) . Others have recognized that gonial angle significantly decreases during the fetal perod (Burdi et al., 1978) . According to the results of the current Fourier analysis and our last study (conventional metrical approach), the change of mandibular angle during the prenatal period probably leads to postnatal findings.
Coronoid process
Findings of the first discriminant function lead us to the following: when the first teini phase for the coronoid process is small, a sample is classified into one of the tall groups, and when the first term phase is great, a sample is put it one of the short groups. The results of t-test prove the findings of the first discriminant function (except BL3-BL-4). We accordingly take it as meaning that the function, which shows forward shift on the tip of the coronoid process with increasing fetal body stature, is a shape factor. This movement corresponds to the change displayed by mean curves (Fig. 19) . Spyropoulos (1977) has reported that the coronoid process merely represents a developmental response that follows the differentiation of the temporal muscles in human embryos and fetuses. In that sense, it is not self-differentiating. Ultimately, one of the causes of the change on the coronoid process is considered as the effect derived from the anterior traction of the temporal muscles. The constant and the amplitude of the first term for the coronoid process did not indicate significant changes in multivariate or univariate analysis. It is likely that the findings do not represent the marked sharpness or projection on the coronoid process.
Outline from infradentale to gnathion
The findings of the second discriminant function imply the following. When a constant for the outline from Id to Gn is large, a sample is classified into BL1 or BL4; when the constant is small, a sample is put in BL2 or BL3. On the other hand, when the first term amplitude for the outline from Id to Gn is great, a sample is classified into BL2 or BL3; when the first term amplitude is small, a sample is classified into BL1 or BL4. In other words, because the constant is great and the first term amplitude is small in BL1 and BL4, the whole outline from alveolus to mentun protrudes in forward direction, and since the constant is small and the first term amplitude is large in BL2 and BL3, the outline from alveolus to mentun becomes sharper anteriorly. Hence, we construe tha the second discriminant function is a shape factor, showing the forward growth from alveolus to mentun, for the constant and the first term amplitude change.
Univariate analysis provided statistically significant differences for the constant, but not for the first Table 6 . Canonical discriminant analysis Table 7 . Stepwise selection Fig. 24 . Class means on the scores calculated from the first discriminant function. in BL3 than in BL2. The first term contribution was smaller in BL3 than in BL2. From these findings, we considered that the entire outline from alveolus to mentun was more anteriorly protrusive in BL3 than in BL2. The entire outline from Id to Gn protrudes anteriorly in BL4. The class mean on the scores calculated from the second discriminant function was also larger in BL4 than in BL1. The first term contribution was smaller in BL4 than in BL1. From these findings, we considered that the whole outline from alveolus to mentun was anteriorly more protrusive in BL4 than in BL1. The second termcontributions as well as the multiple increased in BL3 to BL4. We consequently construe that the resultant wave of the first two terms forms an anterior prominence and sharpness of the two bumps on the outline from Id to Gn in BL4. Our interpretation with respect to the above changes is substantiated by displaying mean curves (Fig. 20) .
The mean values of the constant and the amplitudes of the first two terms for the outline from Id to Gn decreased in BL1 to BL2, for size standardization was accomplished by scaling distance of the baseline (Id-Gn). This means that an upward or downward growth on the outline from Id to Gn is greater than the forward growth in BL1 to BL2. Actually, the mean values of the constant and the amplitudes of the first two terms for the outline from Id to Gn increased in BL1 to B12 when the variables were calculated from the original data that involved siz differences. Also, chin projected anteriorly when the mean outlines were displayed by the original data in BL1 to BL2 (Fig. 6) .
It is generally known that modern Homo sapiens acquires prominence of chin between infancy and adulthood (Sperber, 1989) . In this sense, it is of interest how the mental shape changes during the fetal periods. The findings provided by the present study suggest that the mental protuberance already forms in the fetal mandible, however slightly it may be.
Inferior margin of the mandible
The constant in BL2 to BL4 significantly increased, as assessed by t-test. The amplitude and the phase of the first term did not significantly change in multivariate or univariate analysis. These mean that mandibular arch does not taper or shift markedly, but forward protrusion on mandibular arch (inferior margin) occurs in BL2 to BL4. This interpretation was actually substantiated by displaying the mean outlines (Fig. 21) . Besides, the angle formed by RCo, the top on the inferior margin and LCo becomes acute in BL2 to BL4, which is derived from the significant increase of the constant. The angular change approximately corresponds with our previous results (Uchida et al. , 1993) .
The mean values of the constant and the first term amplitude for the inferior margin decreased in BL1 to BL2, which was accomplished by scaling distance of the baseline (RCo-LCo) for size standardization. This means that the lateral increment of bicondylar breadth (i.e., distance of the baseline) is greater than the forward growth of mandibular arch at the time. The mean values of the constant and the limplitutle of the first terms for the inferior margin actually increased in BL1 to BL2 when the variables were calculated from the original data that involved size differences. The outline on the inferior margin also projected in forward direction when the mean outlines were displayed by the original data in BL1 to BL2 (Fig. 17) .
One is reminded that BL1 and BL2 are equal to the range from three to five months of prenatal age (Akiyoshi, 1956 ). Ford (1955) has reported that it is during the period when Meckel's cartilage becomes relatively small and insignificant, while the mandibular condyle has not fully assumed its growth function, that the forward of the mandible lags in the transition. This hypothesis has been supported by many investigators (Birch, 1968; Kvinnsland, 1971; Sperber, 1992) . We accordingly infer that the decrements of means of the constant and the first term amplitude shown in BL1 to BL2 (i.e., the lateral increment of bicondylar breadth is greater than the forward growth of mandibular arch) are derived as above.
Conclusions
After standardized phoographs of the dried fetal mandible were taken, the curves were analyzed by Fourier series, and morphological changes of the mandibular outlines estimated.
From the present findings, we conclude the following: 1) The anteroinferior shift on the outline from Gn to Co occurs in BL4, resulting in an acute gonial angle. The change of angle during the prenatal period probably precedes the postnatal findings that bring about a progressive decrease in the gonial angle.
2) The anterior movement of the ti of the coronoid process originates with increasing fetal body stature. The movement is considered to derive from forward traction of the temporal muscles.
3) The shape from alveolus to mentum is taken to change as follows: (1) a flat waveform in BL1, (2) one lower bump on alveolar side and one taller bump on mental side in BL2 to BL3, and (3) an anterior prominence and sharpness of the two bumps in BL4. This suggests that the mental protuberance already forms in the fetal mandible, however slightly it may be. 
